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Introduction
Financial incentives to health-care providers are an important issue. On the one hand, spending on health care constitutes an important part of GDP (about 17 percent in the USA and 11 percent in Germany; OECD Health Data 2013). On the other hand, we might expect conflicts of interest between a ph si ia 's financial interests and the best service to the patient (Gigerenzer & Gray 2011) . It is thus very important to gain a thorough understanding on the effect of financial incentives on physician behavior.
There exists an extensive theoretical and empirical literature on this issue 1 , but the related research based on the method of experimental economics is very limited. This is in stark contrast, for example, to a huge experimental literature on managerial incentives/incentives in organizations (e.g., Gibbons 1998). Laboratory experiments allow for tight control and the examination of newly designed financial incentive schemes and can thus be an important complement to theoretical and empirical studies (see, for example, Falk & Fehr 2003 for the potential and limitations of the experimental method in labor economics).
An early experiment on financial incentives to health-care providers by Fan, Chen & Kan (1998) i estigates ph si ia s' p o isio of virtual medical services under two alternative methods for controlling the cost of physician services under global budgeting and finds that subjects provide more medical services under the expenditure-cap than under the expenditure-target method. In a more recent paper, Hennig-Schmidt, Selten & Wiesen (2011, HSW hereafter) study the effect of the two alternative remuneration systems fee-for-service (FFS) and capitation (CAP) on the quantity of medical services provided by physicians. FFS constitutes a volume-based physician payment system in which physicians are paid separately for each unit of medical service rendered. Under CAP, physicians receive a lump-sum payment for the treatment of a patient, irrespective of the quantity of services rendered. In their experiment, medical students decide on the quantity of medical services to be provided to each virtual patient of a given patient list. HSW (2011) document that physicians paid via FFS provide more medical services than those paid via CAP. They also indicate that FFS physicians tend to over-serve patients while capitated physicians have a propensity to under-serve patients.
There exists a huge theoretical and empirical literature that comes to similar conclusions. In a theoretical model, Ellis & McGuire (1986) demonstrate that FFS leads to an over-provision, whereas 1 See, for example,, Carlson et al. 2011; Dumont et al. 2008; Gosden et al. 2001; Gruber & Owings 1996; McGuire 2000; McGuire &Pauly 1991; Mitchell et al. 2002; Newhouse 1996; Newhouse & Marquis 1978; Shafrin 2010. CAP results in an under-provision of medical services. Further theoretical papers by Newhouse (1996) and Ellis (1998) suggest that capitation leads to the selection of profitable (low-risk) and the avoidance of costly (high-risk) patients. There are also numerous empirical studies showing that physicians respond to the financial incentives presented by FFS and CAP. Hutchinson & Foley (1999) report that FFS physicians prescribe antibiotics at a much higher rate than their salaried colleagues. Devlin & Sarma (2008) find that Canadian primary care physicians paid via FFS provide more consultations per week than physicians paid via any other method, including CAP.
In our paper, we present an experiment that builds on the study by HSW (2011) and extends it in two directions, payment heterogeneity and fee regulation (i.e., a cut in the lump-sum payment under CAP). HSW examine treatment decisions in a setting, in which a physician faces a single payment system, either FFS or CAP. Since in real life physicians frequently face multiple payment systems, we test the robustness of the results of HSW by implementing an environment with payment heterogeneity. In our experiment, each physician faces patients under both payment systems, FFS and CAP. In the setting with payment heterogeneity it is interesting to investigate, whether physicians customize care in response to financial incentives at the individual patient level or provide ready-to-wear treatment, which implies a one-for-all approach, irrespective of the incentives presented by the individual patient. Frank & Zeckhauser 2007 introduce the term ready-to-war treatment for behavior that implies the following of a norm rather than the selection of treatment on a patient-by-patient basis. It relates to the incentives norms hypothesis (Newhouse & Marquis 1978) in a framework that takes costs of cognition rather than financial incentives into account.
The existing literature shows ambiguous results with respect to payment heterogeneity. Lungen et al. (2008) , Schwierz et al. (2011) and Jürges (2009) , for example, show that physicians customize care in a o da e to the i su a e status i Ge a 's t o-tiered healthcare system (public or private insurance). Lungen et al. (2008) and Schwierz et al. (2011) report that privately insured patients (who are more lucrative to physicians) have considerably shorter waiting periods for appointments compared to those covered by statutory health insurance. Jürges (2009) documents more physician visits following an initial physician contact for patients covered by private insurance. Hirunrassamee & Ratanawijitrasin (2009) also back the hypothesis of customization on a patient-by-patient basis: in Thailand, FFS patients are reported to have greater access to more expensive items such as new drugs and more advanced diagnostic technology than patients whose treatments are paid via CAP and DRG, a case-based lump-sum payment system. Melichar (2009) analyzes the effect of withinphysician variation of the payment system on consultation length in the US and reports that physicians spend less time with their capitated than their non-capitated patients.
However, the existing literature does not universally support the idea of customization in the case of payment heterogeneity. Glied & Zivin (2002) suggest that physicians have a tendency to provide care geared towards the overall patient population. Although physicians do to some extent customize a e at the i di idual patie t le el, a patie t's i su a e status is epo ted to a less eight i the ph si ia 's t eat e t de isio fo the i dividual patient than the distribution of the insurance status of all patients treated by the physician. Landon et al. (2011) present similar empirical evidence indicating that physicians with a high proportion of CAP patients develop a one-for-all approach to providing care rather than customizing care on a patient-by-patient basis.
The heterogeneous setting in our experiment renders the study on the effect of a fee regulation more interesting than a homogeneous setting. At some point of time in the experiment, we announce a reduction of the lump-sum payment for all patients under CAP and investigate whether and how physicians react to such a reduction. We are not only interested in whether physicians try to offset the lost income by reducing the provision of care to CAP patients, but also, whether the lumpsum payment reduction has any (spillover) effect on provision behavior under FFS.
In a theoretical model, Pauly & McGuire (1991) and McGuire (2000) suggest that a fee reduction concerning one of two services under consideration should lead to an increase in the quantity of the service whose fee remains unchanged (cross-price effect)due to income and substitution effects working in the same direction. However, the effect on the quantity of the service whose fee has been cut (own-price effect) is presumed to be ambiguous since income and substitution effects work in opposite directions.
The bulk of the empirical research focusing on fee changes investigates physician behavior in response to fee cuts under Medicare, a U.S. public insurance program covering the elderly and handicapped. Nguyen& Derrick (1997) find that physicians affected by Medicare fee cuts increase Medicare quantities considerably. The ability to create a quantity response appears to differ across medical specialties. Yip (1998) reports surgeons to increase the quantity of open-heart procedures provided to Medicare and non-Medicare patients in response to a considerable Medicare fee cut. Rice et al. (1999) and Tai-Seale et al. (1999) find evidence of a spillover effect of Medicare fee cuts into the market for non-Medicare services, noting that non-Medicare quantities increase to some extent as Medicare fees decrease. Analyzing outpatient hospital care, He & Mellor (2012) report that physicians respond to Medicare fee cuts by providing fewer services to Medicare and more services to non-Medicare patients.
In our experiment, we observe physicians to customize care in response to the payment system. Each FFS patient in the experiment receives considerably more medical care than the corresponding CAP patient with the same illness and treatment preference. On average, FFS patients receive more than twice as many medical services as CAP patients. In general, physicians over-serve FFS patients and under-serve CAP patients. We cannot identify a behavioral response to the CAP payment cut. We neither detect a quantity offset under CAP nor a spillover into FFS. This might suggest that in our experimental model fee regulation can be used to some extent as a means to control spending on physician service without reducing the overall quantity of care.
In an attempt to acquire some understanding of individual decision heuristics, we provide a classification of the physicians in our experiment. Following Ellis & McGuire (1986) theoretical modeling should be based on the assumption that physicians take both their own financial interest and the interest of their patients into account. We abstain from defining a physician utility function but use their tendencies toward the maximization of patient benefit or toward the maximization of their own profit under each of the two payment systems as classification criteria. We can classify about half of the physicians as profit maximizers, while most of the remaining physicians show mixed motives. Benefit maximizers exist but are rare.
While we are well aware that the empirical literature on physician behavior reports, among others, self-selection, cream skimming and practice-size adjustments in response to payment systems, we focus our study exclusively on the effects on the quantity of medical services provided. We use a standardized list of patients in our experiment in order to guarantee comparability of the volumes of services provided to similar patients under the two payment systems and before and after the CAP payment reduction. This paper is organized as follows. Section2 presents the design of our experiment and Section 3 describes the experimental procedure. The results are presented in Section 4. Section 5 offers concluding remarks.
The experiment
Participants are tasked with the allocation of medical care to 36 sequentially presented virtual patients in a heterogeneous payment environment. The presentation of the patients divided into two sequences of 18 patients, S1 and S2. In each of the two sequences, physicians face patients whose treatments are paid for under either FFS or CAP. Under FFS, participants are paid separately for each unit of medical services provided. Under CAP, participants receive a lump-sum payment, irrespective of the number of services provided. The payment system varies on a patient-by-patient basis. The two sequences, S1 and S2, consider similar patients and differ exclusively in the amount of the lumpsum payment under CAP.
Each participant decides on the quantity q (with q ϵ {0, 1, …, 10}) of medical services to be provided to each of the patients. Only entire units of medical services can be provided to individual patients.
Treatment choices both impact physician profit and patient benefit. Remuneration, profit and patient benefit are measured in Experimental Currency Unit (ECU).
The virtual patients are characterized by the three attributes, payment system, illness and treatment preference. The first attribute, payment system, is either FFS or CAP. The second patient attribute is illness. Patients suffer from one of three potential illnesses, A, B, or C. Illness impacts the FFS fee fu tio a d thus the ph si ia 's p ofit fu tio under FFS. We use three of the FFS fee functions examined by Hennig-Schmidt, Selten and Wiesen (2011) . These FFS fee functions are derived from the EBM (Einheitlicher Bewertungsmaßstab), a German payment system covering ambulatory care for patients with statutory health insurance plans.
We use the same FFS fee functions for the characterization of patients in S1 and S2. For each illness, remuneration under FFS increases along with the number of medical services provided (see Table 1 ).
Illness does not have an impact on remuneration under CAP. The lump-sum payment under CAP is independent of both illness and the number of services provided. However, it differs across S1 and S2; it decreases from 12.00 ECU in S1 to 9.60 ECU in S2 (a 20-percent decrease). The third patient attribute is treatment preference. We distinguish between three patient types 1, 2 and 3, each characterized by a particular treatment preference, with different benefit functions (B 1 (q), B 2 (q), B 3 (q)). These are adopted from HSW. The patient benefit function B i (q)describes the benefit a patient of type i (i ϵ {1, 2, 3}) draws from treatment quantity q and is measured in monetary terms (ECU). The different benefit functions imply that patients, independent of illness, respond differently to the quantity of treatment. The same benefit functions are used for the characterization of patients in S1 and S2.
Each of the three benefit functions is designed to have an interior global optimum at q i *, which determines the treatment preference, i.e., the right amount of medical care for each patient type.
Specifying global optima in the interior of the action space allows us to potentially observe over-and under-provision of medical care for each patient type.
The benefit functions for patients of type 1 and 2 are designed such that the monetary benefit dropoff from the optimal level is smaller in the case of over-provision than in the case of under-provision.
The reverse holds for the monetary benefit of patients of type 3 (see Table 2 ). Figure 1 provides a graphical representation of the three benefit functions. The patients in our experiment are characterized by two payment systems, three illnesses and three , where q j is the amount of medical services provided to patient j. This function is, again, adopted from HSW. Physician profit under FFS varies across illness and is identical in both sequences. Profit under CAP remains unaffected by illness but varies across sequences (see Table 4 ). In total, we collected independent observations from 23 (18 female and 5 male) students enrolled at
McGill University in Montreal, Canada. Participants were selected from a subject pool of students who had voluntarily signed up to participate in experiments, in which they can earn money. They were selected based on their academic background in healthcare related disciplines, i.e. medicine, dentistry, nursing, psychology, pharmacology and life sciences. We count biology, biochemistry, chemistry and physics towards life sciences. We conducted two experimental sessions, with 13 participants in the first and 10 participants in the second session.
The procedure was as follows. Before the experiment, participants and the experimenter gather in a conference room where instructions (see Appendix A) are distributed and read out to participants. Participants are informed in the instructions that the aggregate patient benefit will be donated to a charitable healthcare organization. At the beginning of the experiment, participants thus select a charitable healthcare organization in order to encourage them to take patient benefit into account.
They can choose among three organizations; Canadian Cancer Society, Multiple Sclerosis Society of Canada and Parkinson Society of Canada. We inform them that we will use online banking to donate the patient benefit to the respective patient charities and email each participant the electronic transfer confirmations immediately after the experiment.
In the experiment, participants allocate medical services to 36 virtual patients in two consecutive sequences. Patients are presented one patient after another in each sequence. The order of patients is randomized in the first sequence (S1) and repeated in the second sequence (S2). The relevant payment system is revealed for each individual patient. Neither illness nor patient type, however, is specified in detail. Participants decide on the quantity of medical services based on numbers associated with illness and patient type related to possible treatments for a specific patient.
In between sequences, participants are notified of a lump-sum payment reduction (see Table 1 ).
Participants carry on with the experiment after they have acknowledged the payment cut. Given our experimental parameters, it could be assumed that a rational individual, in total disregard of the effect of her or his treatment decision on patient benefit, would maximize profit by providing zero units under capitation, irrespective of the amount of the lump-sum payment, and five or ten u its, depe di g o the patie t's ill ess, u de FF". Ho e e , the esults H"W show that experimental physicians do take patient benefit into account, which we should also expect from realfive physicians due to professional ethics. Consequently, we anticipate that experimental physicians in our experiment choose to provide more than zero units of medical care to CAP patients and deviate from the profit maximizing quantities for FFS patients. Following HSW (2011) and the theoretical predictions by Ellis & McGuire (1986) , we also expect that experimental physicians overserve FFS and under-serve CAP patients and thus provide more services to FFS patients than similar CAP patients in our experiment. The theoretical analysis by Ellis & McGuire is based on the assu ptio that the utilit fu tio of a ph si ia i ludes oth the patie t's enefit and the ph si ia 's p ofit. Gi e this assu ptio , e e pe t, ith respect to the lump-sum payment reduction under CAP, a reduction of the quantities provided to CAP patients. We also anticipate an impact on treatment decisions for FFS patients since ph si ia s ould use the FF" a ket as a avenue to make up for lost CAP income.
Results
In S1, on average, physicians provide 6. Table 5 provides an overview of the summary statistics.
For each of the two sequences, S1 and S2, and for each of the two payment systems, FFS and CAP, and patient benefit (Section 4.5) in detail. In Section 4.2 we shall attempt to classify the individual physicians according to their treatment behavior. Note that our nonparametric analyses are based on 23 independent observations and make use of the statistical analysis software Statistica (Release 9.1). All tests are two-sided. 
Over-or under-provision of medical services
In this sub-section of our paper, we investigate whether FFS results in an over-provision and CAP in an under-provision of medical services as indicated by Ellis & McGuire (1986) and HSW (2011) . Figure 5above shows customization in response to the heterogeneity in the payment system; but it also suggests ready-to-wear treatment for patients with illness B or C under FFS, whose treatment provides maximal physician profits at maximal quantity, and patients of type 1 and 3 under CAP.
Under CAP, a level of treatment for type 2 patients similar to the one observed for types 1 and 3 ould e a o e the t eat e t that a i izes the patie t's benefit.
We observe that for seven of the nine patients under FFS, the average quantity of treatment in either sequence exceeds the corresponding right amount of medical care. Obviously, FFS patients are overserved in those cases, where the profit-maximizing quantity exceeds the patie t's opti al quantity of treatment.
We also observe that, in each sequence, the average quantity of treatment provided to the six FFS patients with a profit-maximizing quantity of 10 is roughly the same (around 8), irrespective of the patie t's ill ess a d p efe e e fo edi al atte tio . This implies that the extent of the overprovision to these patients is highe , the lo e the patie t's need for medical attention. For instance, FFS patients B-3 and C-3, in need of extensive medical attention, receive only little more medical service than optimal, whereas FFS patients B-2 and C-2, in need of limited medical attention, are considerably over-served.
Two FFS patients in either sequence, characterized by the attributes A-1 or A-3, receive less medical service than optimal. While the FFS patient characterized by A-1 is only marginally under-served (their right amount of medical services coincides with the profit-maximizing quantity), the FFS patient characterized by A-3 receives considerably fewer services than would be optimal for her or him (the optimal amount of medical care for this FFS patient exceeds the profit-maximizing quantity).
CAP patients are in all cases under-served. Average quantities of medical services provided to the nine CAP patients in either sequence lie clearly below the respective right amount of care. In each sequence, the average quantity of medical services provided to CAP patients of type 1 and 3 is oughl the sa e, i espe ti e of the patie t's eed fo edi al atte tio . The deg ee of underprovision depends on the patient type. CAP patients of type 3, in need of extensive medical attention, are considerably under-served, while CAP patients of type 2, in need of minor medical attention, are under-served to a considerably lower degree.
To gain statistical evidence on under-or over-provision of medical attention to FFS and CAP patients, we consider the average treatment decisions by the individual physicians. Table C.1 (Appendix C) provides, for each physician, the average treatment quantity along with the mean deviation from the right amount of medical services over all decisions regarding patients of the same payment system (FFS or CAP) and sequence (S1 or S2). It is obvious that in both sequences of the experiment more services than optimal are given to FFS patients: In each sequence, the mean deviation from the right amount of medical service for FFS patients is positive for 21 of the 23 physicians, while one is negative and one is zero. This implies that physicians significantly tend to over-provide (S1, S2: p = 0.00007; binomial tests). The p-values for the Wilcoxon signed-ranks test are p = 0.00009 and p = 0.00024 for S1 and S2, respectively.
Analysis of the mean deviation for CAP patients shows that CAP patients receive significantly fewer services than optimal in each sequence. The mean deviation is negative for 21 (22) The evaluation of the individual treatment decisions to each of the CAP patients shows that physicians provide significantly fewer services than optimal to almost all CAP patients in the experiment. Requiring significance at the 10-percent level, we find a significant difference for all CAP patients in S1. In S2, physicians significantly under-serve eight of the nine CAP patients. We observe neither significant under-nor over-provision for the patient characterized by the attributes C-2. 
Comparison across payment systems
In this subsection we investigate the question discussed above, whether in a heterogeneous payment environment, physicians customize care or apply a one-for-all approach. to CAP patients in S1 (S2). They thus provide on average more than twice as many medical services to FFS patients than to CAP patients in either sequence. Table C .1 (Appendix C) provides, among others, for each physician, the average quantity of medical services provided to FFS and CAP patients in each of the two sequences. A Wilcoxon signed-ranks test based on these averages shows that physicians provide, in each sequence, significantly more medical services to FFS patients than to similar CAP patients (S1: p = 0.00003; S2: p = 0.00005).
To compare treatment behavior across payment systems, we furthermore consider individual treatment choices for pairs of patients with the same illness and patient type in each of the two sequences. We find, in either sequence, individual treatment quantities for each of the FFS patients to be significantly higher than the quantities for the corresponding CAP patient (S1: p 0.00109; S2: p 0.00792; Wilcoxon signed-ranks tests; refer to Table C .3 Appendix C).
The regressions in Table D .1 (Appendix D) also confirm our finding that physicians customize care in response to the payment system. In each of nine regressions, we explain the quantity of medical services to one of the patients, characterized by illness and treatment preferences. Each regression comprises four similar patients under both payment systems and in both sequences of the experiment and thus includes the dummies FFS@S1 (for the payment system FFS in S1), FFS@S2 and CAP@S2. It follows that the constant in each regression measures the quantity provided under CAP in S1. Our regression results are in keeping with the above presented non-parametric analysis: FFS patients receive more medical services than matching CAP patients. The coefficients for the FFS@S1 and FFS@S2 dummies in each of the nine regressions are positive and highly significant (p < 0.01). In each of the nine regressions, we do not observe a significant difference in the quantities provided under CAP in S1 and S2.
Result 4.2: Our findings refute the notion that physicians develop a one-for-all approach to providing
medical care as suggested by e.g., Glied & Zivin (2002) , Landon et al. (2011) and the norms hypothesis 
Differences in treatment across sequences
A major concern of our study is the analysis of a potential impact of a lump-sum payment reduction on physician provision behavior. We investigate whether it leads to a quantity reduction to the CAP patients and/or a spillover with regard to the treatment of the FFS patients. Note that the patie ts' right amount of medical care and the profit maximizing quantity remain unaffected by the CAP reduction.
Considering Figure 5 and comparing the average quantities for patients with matching payment system, illness and treatment preferences across sequences, we find that physician treatment behavior towards FFS and CAP patients remains practically unaffected by the lump-sum payment reduction in S2.
A comparison of the average quantities provided by each physician to patients of the same payment system across sequences substantiates this observation. Neither for FFS nor for CAP patients do we find a significant difference in the treatment behavior across sequences. The regression results discussed in Section 4.2 above (see also Table D.1 Appendix D) provide additional evidence that the lump-sum payment reduction has no significant impact on physician treatment behavior under CAP. None of the regressions shows a significant difference in the CAP quantities provided in S1 and S2.
Result 4.3: Physicians' provision behavior remains virtually unaffected by an ex-ante payment reduction under capitation. Physicians do not alter their treatment behavior toward FFS and CAP patients in order to recoup lost income. We neither observe a decline in treatment quantities
regarding CAP patients nor a spillover effect into the FFS payment system. These findings are in stark contrast to the evidence presented by, e.g., Yip (1998) , Rice et al. (1999) and He & Mellor (2012) .
Physician profit
In the experiment, physicians, on average, take home 331.81 ECU (median 340.50 ECU; ranging from 257.10 ECU to 373.80 ECU), implying that the average physician profit amounts to 88.8% of the maximum attainable profit of 373.80 ECU. One single participant, physician #7, earns the maximum attainable profit. Five out of the 23 physicians (#2, #21, #16, #4 and #7; 21.7% of all physicians) achieve 95% or more of the maximum attainable overall profit.
To compare profits under FFS and CAP, reconsider Table 5 above: physicians earn on average 9.08 ECU (8.97 ECU) per FFS patient and 10.59 ECU (8.23 ECU) per CAP patient in S1 (S2).Under FFS, the observed averages are 8.9% (10%) lower than the average maximum attainable profit of 9.97 ECU per patie t e all that a patie t's ill ess i pa ts the FFS profit function); under CAP the observed averages are 11.8% (14.3%) lower than the maximum profit of 12.00 ECU (9.60 ECU) per patient (profit under CAP remains unaffected by illness; lump-sum payments differ across sequences) in S1 (S2).
We can show that physicians give up relatively more money relative to the maximum attainable profit under CAP than under FFS. Considering, for each physician, the relative deviation of her or his profit from the maximum attainable profit, averaged over all patients of the same payment system, we find the relative deviation under CAP to be significantly larger than under FFS (S1: p = 0.00088; S2: p = 0.00406; Wilcoxon signed-ranks tests).
To investigate, whether the payment system affects the decision to choose the profit-maximizing treatment quantity, reconsider Table 5 . It reveals that, under FFS, approximately every other individual treatment decision in each sequence equals the respective profit maximizing quantity. In contrast, fewer than one in seven (six) individual treatment decisions result in maximum physician profit under CAP in S1 (S2). Wilcoxon signed-ranks tests based on the percentage of profitmaximizing decisions by each physician show that the relative share of profit-maximizing treatment decisions in each sequence is significantly larger under FFS than under CAP (S1: p = 0.00006; S2: p = 0.00009).
In Section 4.3, we report that our reduction in the CAP lump-sum payment does not affect ph si ia s' t eat e t eha io , neither under CAP nor FFS. Consequently, requiring significance at the 10-percent level, we fi d o diffe e e i the i di idual ph si ia s' a e age p ofits pe FF" patient across sequences (Wilcoxon signed-a ks test . I di idual ph si ia s' a e age p ofits pe CAP patient are significantly smaller in S2 as compared to S1 (p = 0.00003, Wilcoxon signed-ranks test).
This follows directly from the reduction in the lump-sum payment.
In keeping with the above result regarding the CAP lump-sum payment reduction, the reduction does neither affect the choice of profit-maximizing treatment quantities under FFS and CAP. While slightly fewer individual treatment decisions under FFS and slightly more individual decisions under CAP are profit maximizing in S2 than in S1 (see Table 5 ), we find no significant difference in the individual ph si ia s' elati e frequency of profit maximizing treatment decisions under FFS and CAP across sequences (FFS: p = 0.72677; CAP: p = 0.59396).
Result 4.4: In the experiment, about one-third of the physicians are found to achieve (almost) 95 percent or more of the maximum attainable profit and can be assumed to quite rigorously maximize their overall profit. The pay e t syste used to pay for a patie t's treat e t i flue es the physi ia s' choices of their profit-maximizing treatment quantities: while about half of all decisions under FFS are payoff maximizing, payoff maximization occurs only occasionally under CAP. The CAP lump-sum payment reduction has no impact on the relative frequency of profit-maximizing treatment decisions, neither under CAP nor under FFS.

Patient benefit
We report in Section 4.1 above that physicians tend to over-serve patients under FFS and underserve those under CAP. In this sub-section, we investigate how this actually impacts the patients' benefit under the two payment systems. Furthermore, we are interested in the impact of the payment reduction on the patients' e efit. Table 5 above shows an average patient benefit of 8.04 ECU (7.95 ECU) for FFS patients and 6.54 ECU (6.39 ECU) for CAP patients in S1 (S2).The observed average benefits are thus somewhat lower for the CAP patients than for the FFS patients. Had ph si ia s al a s a ted i the patie ts' est i te est providing in each instance the right amount of medical care, both FFS and CAP patients could have received a maximum average benefit of 9.82 ECU(recall that the experimental design distinguishes between three patient types with different benefit functions).Consequently, these averages show that patients on average do not receive the maximum benefit (and thus the optimal care, as indicated in Section 4.1.) on a regular basis.
To substantiate the latter finding, we consider, for each physician, the average benefit received by FFS and CAP patients in each of the two sequences. Wilcoxon signed-ranks tests, based on comparisons of these averages with the maximum average patient benefit, show that patients, under each payment system in each sequence, receive a significantly smaller benefit from medical treatment than in case of optimal treatment (FFS@S1, FFS@2, CAP@1, CAP@2: p = 0.00003). Table 5 provides the ph si ia s' relative shares of individual treatment decisions that result in optimal patient benefit. In each sequence, we find that roughly one in four individual treatment decisions (S1: 26.6%; S2: 24.2%) for FFS patients result in optimal patient benefit. On the contrary, 44.4% (42.5%) of the individual treatment decisions for CAP patients result in optimal treatment.
Comparing, for each physician, the relative share of optimal treatment decisions across payment syste s, e fi d, fo ea h se ue e, the ph si ia s' elati e sha e of opti al t eat e t de isio s to be significantly larger for CAP than for FFS patients (S1: p = 0.00023; S2: p = 0.00042; Wilcoxon signed-ranks tests).
To further assess the impact of the payment system on patient benefit, we investigate the patient benefit loss (difference between the (maximum) attainable patient benefit and the observed actual patient benefit) relative to the maximum attainable benefit. Analyzing the relative patient benefit loss averaged over all individual treatment decisions under the same payment system and sequence, we find in each sequence that FFS patients fare considerably better than CAP patients in spite of a higher proportion of optimal treatment decisions for Cap than for FFS patients as noted above. Table 6 reports the relative patient benefit loss averaged over patients of the same illness but distinguished by type and the combination of payment system and sequence. It shows that in each sequence FFS patients of type 1 (in need of intermediate medical attention) and type 3 (in need of extensive medical attention) do considerably better than their CAP counterparts. On the contrary, CAP patients of type 2 (in need of minor medical attention) fare better (in S1) or roughly the same (in S2) as their FFS counterparts. Considering the average relative benefit loss per patient, characterized by illness and type, in S1 and S2, respectively, we observe that seven out of nine CAP patients in each sequence suffer a greater average relative benefit loss than their FFS counterparts in the same sequence. Only two CAP patients in each sequence, B-2 and C-2, suffer a smaller average benefit loss than the respective FFS counterparts. Two out of three patients of type 2 incur smaller losses under CAP than under FFS, while capitation always leads to larger losses than FFS for patients of type 1 and 3.
A comparison of the relative benefit losses for matching pairs of FFS and CAP patients reveals that, in each sequence, CAP patients of type 3 experience significantly larger benefit losses than their FFS counterparts (S1: p < 0.001; S2: p < 0.01; Wilcoxon signed-ranks tests; refer to Table C.6, Appendix C).
In each sequence, two out of three CAP patients of type 1 endure significantly larger relative benefit losses than their matching FFS counterparts. In S1, we find significantly larger losses for CAP patients In the experiment, we do not find a significant difference in the relative benefit loss for most of the patients of type 2, suggesting that the payment system does not have an effect on the benefit of these patients in need of relatively little medical attention (see Table C .6, Appendix C). We discover a significant difference for only one particular pair of a FFS and CAP patient in S1: patient CAP-C-2 suffers a significantly lower benefit loss than the matching FFS patient (p= 0.07314; Wilcoxon signedranks test).
We also investigate the effect of the lump-sum payment reduction under CAP on patient benefit. The nonexistence of a significant behavioral volume response (Result 4.3) suggests that the patient benefit of FFS and CAP patients should remain largely unaffected. A comparison of the average patient benefit for patients of the same remuneration system across sequences provides support for this prediction. We find no important change in the average patient benefit for FFS and CAP patients following the lump-sum payment reduction (refer to Table 5 ). For statistical evaluation, we consider, for each physician, the average patient benefit for patients of the same payment system across sequences. The analysis shows no significant difference, neither for FFS nor CAP patients. The pvalues for the Wilcoxon signed-ranks test are 0.36523and 0.90318, respectively.
We report an insignificant change in the relative share of individual treatment decisions leading to optimal patient benefit for both FFS and CAP patients (see Table 5 ). Comparing, for each physician, the relative share of optimal treatment decisions for patients under the same payment system across sequences, we find no significant difference (FFS: p =0.37395; CAP: p = 0.97735; Wilcoxon signedranks tests).
A comparison of the average relative patient benefit loss for each patient type under FFS and CAP across sequences reveals insignificant changes in response to the lump-sum payment reduction. FFS patients of type 1 and 3 fare slightly worse in S2 compared to S1 (see Table 6 ). The average relative patient benefit loss for patient type 2 under FFS remains unaffected. Under CAP, patients of type 1 fare slightly better, patients of type 2 and 3 fare slightly worse in S2 compared to S1. We do not find a significant difference across sequences when comparing, for each physician, the relative patient benefit loss averaged over patients of the same type and payment system across sequences (FFS :
type 1: p = 0.39673; type 2: p = 0.92498; type 3: p = 0.40805; CAP: type 1: p = 0.98112, type 2: p = 0.39803; type 3: p = 0.47240).
Result 4.5: In spite of a higher proportion of optimal treatment decisions for CAP than for FFS patients, patients end up with a significantly lower benefit under CAP than under FFS. Benefit losses are significantly higher for CAP than for FFS patients for those patients with a considerable need of medical attention (two-third of our patients); this is not truefor those with a low need of medical attention (one third of our patients). This suggests that the overall benefit loss will depend on the specific mix of patients with different needs. The reduction in the CAP lump-sum payment shows no effect in the treatment decisions, neither for patients under CAP nor under FFS.
Individual physician behavior
In this subsection, we attempt a classification of physicians with respect to treatment behavior. To examine, whether individual physicians show any tendencies in regard to maximizing patient benefit or physician profit, we thus construct two evaluation criteria. The first criterion serves to investigate whether a physician shows a tendency to maximize patient benefit. This criterion applies for the treatment of both CAP and FFS patients. We calculate, for each physician, the average quantities provided to patients of the same patient type, payment system and sequence. This yields us, for each combination of payment system and sequence, three measures, one for each patient type. Based on these the measures, we conclude that a physician displays benefit orientation (under a payment system in a given sequence) if the average quantity of medical service increases along with the patie t t pe's eed fo edi al atte tio .
The second criterion serves to identify a potential tendency to maximize physician profit. This criterion applies for the treatment of FFS patients. We compare, for each physician in a sequence, the average quantities provided to FFS patients suffering from illness A with the quantities averaged over FFS patients suffering from illness B or C. We conclude that a physician displays profit orientation if the average quantity provided to patients suffering from illness B or C (which should be a i all t eated to a i ize the ph si ia 's p ofit e eeds the a e age ua tit p o ided to patients suffe i g f o ill ess A hi h should e t eated ith u its to a i ize the ph si ia 's profit).
Note that we apply qualitative measures for both criteria. For profit orientation we require that a e ages i ease alo g the patie t t pe's eed fo edi al atte tio . Ho e e , e do ot e ui e average quantities to exactly match the optimal quantities for the respective patient types. The same is true for our profit-orientation criterion: we do not require the average quantities for FFS patients suffering either from illness A, or illness B or C, to match the respective profit maximizing quantities.
We simply require that the averages for FFS patients suffering from illness B or C to exceed the average quantity for patients suffering from illness A. Table 7 shows, for each individual physician, the observed tendencies (benefit orientation under CAP and FF", a d p ofit o ie tatio u de FF" i ea h of the t o se ue es. A he k stipulates that the i di idual ph si ia displa s the espe ti e o ie tatio . A i plies that the i di idual ph si ia does not show the respective orientation. We now classify the physicians broadly into three categories, benefit maximizers, profit maximizers and (regular) mixed-motives deciders. We identify a physician as a benefit maximizer if the physician (in a given sequence) satisfies benefit orientation under each payment system while not fulfilling profit orientation. In S1 (S2), we find two (one) benefit maximizer(s).
Patient benefit orientation Profit orientation
We identify a physician as a profit maximizer if the ph si ia 's provision behavior satisfies profit orientation while not fulfilling benefit maximization. We find eleven (fourteen) profit maximizers in S1 (S2).
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We identify a physician as a (regular) mixed-motives decider if the ph si ia 's o se ed t eat e t behavior satisfies benefit orientation under CAP, exclusively, and fulfills profit maximization under FFS. We observe five (two) mixed-motives deciders in S1 (S2).
A small number of physicians do not fall into any of the three categories. Three (four) physicians satisfy both benefit orientation (for CAP and FFS) and profit maximization at the same time. In addition, we find a single physician (#9) to satisfy, in each sequence, benefit orientation for FFS (but not for CAP) patients and profit orientation at the same time. Another physician (#3) displays a benefit orientation for FFS patients in S1 and no tendencies in S2. 
Conclusion
Our study adds to the existing experimental research by HSW on physician treatment behavior by incorporating heterogeneity of the payment system, a prominent feature characterizing markets for physician services in a number of countries (e.g., the United States). We do not conduct a direct comparison to purely FFS or purely CAP environments and exclusively focus on physician behavior in a heterogeneous practice environment in which physicians face equally many (comparable) patients under FFS and CAP.
Our study shows the robustness of the results by HSW, specifically the tendency to over-serve FFS and under-serve CAP patients. Our study also investigates the effect of a CAP lump-sum payment reduction in such an environment but indicates neither a direct effect on the treatment of CAP patients nor a spillover effect on the treatment of FFS patients.
It thus complements the existing empirical and theoretical literature on the effects of financial incentives on physician behavior. This kind of experimental research is basic economic research and does not assess actual physician behavior in the real world. Although it does not allow for direct application to real-world issues, the results might provide valuable insights to those, who attempt to design new institutions. Laboratory experiments allow us to test the functioning of incentive schemes that do not exist yet in real life. They allow for much tighter control than empirical studies or field experiments. Laboratory experiments are thus to be considered as a useful complement to theoretical and empirical studies as well as field experiments.
To effectively design healthcare policy, it requires an in-depth consideration of the effects of heterogeneity of the payment system on physician provision behavior. Potential system-wide effects of fee regulation, targeting the reimbursement of the treatment of one subgroup of patients, should be taken into consideration.
In our experimental environment, we find that physicians customize care in response to hete oge eit of the pa e t s ste . A patie t's edi al t eat e t is lea l affe ted the payment system used to compensate the attending physician. In the experiment, a FFS patient receives considerably more medical care than the corresponding CAP patient with the same illness and treatment preference. We also observe physicians to over-serve FFS patients and under-serve In our experimental design, we assume patients to be passive. If we eased this assumption, we would expect reputational effects to come into play (see, e.g., Dranove, 1988) . Perceived over-or underproviders could thus expect patients to be more likely to reject treatment recommendations, which in turn could potentially limit such physician behavior.
Our results suggest that, in our experimental model, fee regulation can be used to some extent as a means to control physician spending, since we do not identify a behavioral response to the CAP payment cut. Physicians do not recoup lost income by altering treatment behavior towards CAP and/or FFS patients. Patient benefit under FFS and CAP thus appears to remain unaffected by fee regulation.
In keeping with the observations by HSW (2011), our results let us conclude that neither payment system, neither FFS nor CAP, e ou ages ph si ia s to p o ide opti al a e f o a patie t's perspective. This would support a move away from pure payment systems towards hybrid compensation schemes that blend the high-and low-intensity incentives embedded in FFS and CAP.
Experimental economics provides a great tool to further investigate in that direction. 
Appendix A: Instructions
EXPERIMENT INSTRUCTIONS
You are participating in an experiment in which you will make independent and anonymous decisions. Depending on these decisions you can earn money.
All amounts in the experiment are denoted in ECU (Experimental Currency Units). The ECU that you earn in the experiment will be converted into $ CAD with a factor 1 ECU = 0.02 $ CAD and paid to you in addition to a show-up fee of 5 $ CAD in cash at the end of the experiment.
YOUR DECISIONS
In the experiment you will be in the role of a physician making medical decisions for virtual patients. These decisions will impact your profit as a physician as well as the patient benefit.
You will be responsible for the medical treatment of 36 virtual patients and decide for each individual patient on the number of medical services that you want to provide to this patient.
The treatment can consist of an amount between zero (including) and ten (including) units of medical services.
The virtual patients will be presented to you one patient after the other. Each patient suffers from one out of three potential illnesses and belongs to one out of three patient types. We shall specify neither the illnesses nor the patient types in more detail. You won't know the illness or type of a patient; you will only see numbers associated with illness and type related to possible treatments for the specific patient.
YOUR REMUNERATION
Your treatment will be remunerated either based on a Fee-for-Service (FFS) or a CAPITATION system. The remuneration system will vary across patients; the presentation of each patient includes information on the respective remuneration system.
If you treat a patient, for whom your services are remunerated based on FFS, each unit of service that you provide will be paid separately. Your remuneration thus increases with the number of services. In addition, your remuneration depends on the patient's illness.
If you treat a patient for whom your services are remunerated by CAPITATION, you will receive a fixed payment of 12 ECU for this patient. This lump-sum payment is independent of the number of services provided by you and of the patient's illness. You receive this payment even if you decide to provide zero service.
YOUR COSTS AND PROFIT
With your decision on the number of medical services that you want to provide to a patient you also determine your costs of treating this patient. The treatment costs increase with the number of services.
Your profit per patient is determined by your remuneration minus your treatment costs for this patient.
MONETARY PATIENT BENEFIT
Your decision on the number of medical services that you want to provide to a patient also determines the benefit that this patient gets from your treatment. This benefit depends on the patient type and the number of services but not on the illness.
YOUR INFORMATION
In the experiment we shall confront you with decision situations as in the following two examples. The examples consider the FFS and the CAPITATION remuneration scheme, respectively. In the experiment we shall present you a sequence of 36 such decision situations.
In the first example you have to make a decision on the number of services for a patient under FFS. The table shows you for each potential number of services (between zero and ten) that you provide to this patient with his or her specific illness your respective remuneration, your treatment costs, your profit (remuneration minus costs), and the monetary patient benefit that depends on the patient type You will be asked to enter your decision on the number of services units in the box below the The patient benefits resulting from your decisions will we added up for all patients, converted into $ CAD with the same conversion factor as your own profit and paid to the organization of your choice.
The total patient benefit that has been created by all participants having chosen the same charitable healthcare organization will be donated online to the respective organization. We will do the payment in front of you at the end of the session.
Please turn now to the computer with your participation number and click on "Start". You will be requested to answer a number of questions related to the understanding of these instructions. If you should have remaining questions, we will come to your workplace and answer them individually. As soon as all participants will have correctly answered all questions, the experiment can start. Patient number   19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36   PS*  CAP  FFS  FFS  CAP  FFS  CAP  FFS  CAP  CAP  CAP  FFS  FFS  FFS  FFS  CAP  FFS  CAP  CAP   Illness  B  A  B  A  B  A  C  B  C  A  A  C  A  C  C  B  C  B   Type  1  3  2  1  1  3  1  2  1  2  2  2  1  3  3  3  2  3   S  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2 We use CAP in S1 as reference variable. Robust standard errors in parentheses.*** p<0.01, ** p<0.05, * p<0.1
